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INTRODUCTION
The Chinese mitten crab, Eriocheir sinensis H. Milne-Edwards, is indigenously distributed in the low-lying areas of northern China to as far south as Fujian Province (Dai and Yang 1991) . In 1912, this crab was accidentally transported to a tributary of the Weser River in Germany (Panning 1938) , where it spread in a few decades across northern Europe and into the Mediterranean (Ingle 1986 ). In North America, it was first found in the Great Lakes in 1965 (Nepszy and Leach 1973) and is now well established in the Northeastern Pacific (Cohen and Carlton 1997) .
In China, the crab is a delicacy and one of the most important commercial crustacean species. It is reared widely in ponds, lakes, and net-enclosures (Xu 1989 , Wang 1992 , Cao et al. 1995 , Shu 1995 . The 2000 production of the commercial adult crabs from lakes was over 400 t in Hubei Province only (unpubl. data. Y. Li).
There is limited information on the ecology of the Chinese mitten crab. especially on its growth. In the 1930s, Kamps (1937) and Panning (1938) reported some information on its biology and ecology. Some recent studies reported basic data on survival and individual size of the crab reared under different conditions (Cao et al. 1992 . Wang 1992 . Shu 1995 . In order to provide a basis for fishery management, we examined aspects of survival, growth, sex ratio, and maturation of the Chinese mitten crab reared in a pond.
MATERIALS AND METHODS
The experimental pond, near Bao'an Lake (1 14'43'E, 30°15'N) in Hubei Province. was rectangular and covered 2330 m2, and had a gentle gradient. There was some aquatic plant growth in the shallow areas. Water depth averaged I. 1 m, and dissolved oxygen ranged from 6.8 to 7.3 mg.1-'. Water temperatures were measured daily between 8:00 and 11 :00 in the morning.
Megalopa larvae from the mouth of the Chanpjiang River were first bred in net-cages in the Bao'an Lake for another study. A total of 47,300 postlarval crabs (mean carapace length of 7.3 mm) was then transplanted to the pond on 20 June 1993. In order to prevent the escape of crabs, a smooth-faced 1.2 r n high brick wall surrounded the pond.
During this study (June to November), the crabs were fed a mixture of molluscs and small-sized fish.
To study relative growth and examine growth differences between sexes, crabs were sampled monthly by two trap nets with 5-mm mesh size. The carapace length (CL: distance between the anterior edge and the posterior edge of the carapace through the mid-dorsal line) and carapace width (CW: distance between the tips of the fourth anterolateral teeth, but spines excluded) were measured to the nearest O.lmm by a vernier caliper, and body weight (W) was measured to the nearest 0. lg.
At the end of this study in late November, we first captured most crabs by a bag seine and then collected the residual after the pond was drained off. All crabs counted in order to determine the survival.
Since crabs had a preference for molting in the littoral area of the pond, the nearshore-area was examined daily. Shed exoskeletons were readily visible in the shallow water and were collected to monitor molting.
Analysis of covariance (ANCOVA) was used to examine the difference between sexes in the CL-W and CL-CW relationships, an unpaired t-test was used to compare growth between sexes, and the chi-square test was used to assess the fitness of the observed sex ratios versus the theoretic ratio of 1 : 1. Differences were regarded as significant when P < 0.05. All statistical analyses were performed using the STATISTICA program by Statsoft, Inc. (1995) .
RESULTS

Survival
In late November, 8,746 crabs, with mean CL of 33.8 mm, were caught from the pond. Based upon the sex ratios of the crab examined at random at the experiment onset and termination (Table I) , 17.9% male and 19.1% female survivors were determined, and the survival rate for both sexes was estimated at 18.5 %. 
Growth
The relationships between CL and W were described for each sex by the equations Male: log W = -7.527 + 3.035 log CL (n = 208, r' = 0.99) Female: log W = -7.471 + 3.012 log CL (n = 233, ? = 0.99) ANCOVA showed that there was no significant difference between these equations (ANCOVA, intercept: P = 0.12; slope: P = 0.25).
For the CL-CW relationship (the form: CW = a + b CL) for each sex, ANCOVA also suggested that sex did not affect the regressions (ANCOVA, intercepts: P = 0.40; slope: P = 0.92). Thus, the regression for both sexes was CW = 0.4 + 1.10 CL (n = 441, ? = 0.99)
The growth data are given in Table 1 . At each sampling time, there was no significant difference between sexes in CL or W (t-test, P > 0.05). This suggests that the growth rate was the same for female and male crabs. The first molt of the experimental population was observed from 29 June to 5 July.
with a massive molting on 2 July. The final molt occurred 8-29 September; however, several crabs did not molt until 13 October when water temperature was 22.5 "C, after which no hrther molting occurred. Based upon the number of massive rnoltings with apparent synchrony, seven molts were determined for the population (Figure 1 ). The first three molts had a similar molting period and were confined to a more limited span compared with the last three molts that exhibited pronounced lag periods. Most of the crabs at the beginning were of the same instar and very uniform in individual size. Difference in size became more apparent with growth, especially in the later time of the study. So the average size of shed exoskeletons collected at each massive molting may be regarded as the size of the corresponding instar of the population (Table 2, Figure 2) . Also, the date of massive molting may be considered the molting time of the corresponding instar. As a result, intermolt period was estimated on the basis of the successive dates of massive molting. The intermolt period ranged from seven to 22 days and lengthened with the size (Figure 3) . The relationship behveen intermolt period and carapace size was best described by the equation log,,,Y = 0.61 1 -0.0357 X (n = 6. r = 0.99. P < 0.0001) where Y is intermolt period (days) and X is premolt carapace length (mm). However, there were natural changes in temperature during the study, and the last molt occurred at lower temperature (Figure 1 ). Thus, this regression more or less included the effect of temperature on the growth.
Sen ratio and maturity
The numbers of males and females at each sampling time are given in Table 1 . The sex ratios did not differ significantly from 1 : 1 (Chi-square test, P > 0.05). This suggests that there was no sexual selectivity of mortality in the course of molting.
The puberty molt of most females was observed in September, namely occurring at the seventh molt numbered from the experiment onset. After this molt, the triangular abdomen sharply became rounded, and there were obviously longer setae around the margin of the abdomen. The ovaries of females developed fast after the puberty molt and became reddish-orange in color in late November. Of 100 female crabs examined at random, 88% had reached maturity. The size (mean f SD) in CL was 34.1 f 3.9 mm (26.2 to 49.8 rnm in range) for the mature females in late November; immature females measured 30.9 J: 4.5 mm (26.0 to 41.2 mm in range) After the seventh molt
DISCUSSION
In the present study, there nas no significant difference between sexes in the CL-W or CL-CW relationships. This may result from sexual dimorphism being not notable in smaller crabs. Similar observations on the length-weight relationship were recorded in other crustaceans (Butler 1964) . However. in those with notable dimorphism. such as Nepkrops norvegicus (Linnaeus) (Symonds 1972) , Homarzrs vulgaris H. Milne Edwards (Simpson 196 1) and Cancer pagurzls Linnaeus (Hancock and Edward 1966) . which ha\ e large chella in males, separate regressions are necessary for each sex.
Generally, it is difficult to obtain satisfactory data on molt increment and intermolt period, which appear correlated with factors, such as size, food supply, and temperature (Hartnoll 1982) . In the present study, the molt increment of the Chinese mitten crab was not estimated, but in one other study on the crab, the molt increment individually ranged from 13.3% to 26.2% on the size range of 21 to 63 mm in CW. and it decreased with size (Kamps 1939) .
Intermolt period is one component that determines the pattern of crustacean growth. In the present study, based upon the dates of massive molting, the intermolt period was estimated. However, the reliability of this estimation depends on validity of the two premises. One is that the average size of exoskeletons collected at each massive molting may be considered the size of the corresponding instar; the other is that the date of massive molting may be regarded as the molting time of the corresponding instar. We think that the two hypotheses are reasonable and that the data on the intermolt period are valid. Of course, the difference in individual sizes became more and more apparent with growth, and this made the molting of the crabs less synchronal in the later time of the study. Consequently, the estimation of the intermolt period may be prone to some error, especially in the later molts.
In the present study, intermolt period lengthened with increased size. Similar results were usually reported in many brachyuran species, such as Cancer pagrirus Linnaeus (Bennett 1974) and Callinectes sapudzls Rathbun (Tagatz 1968) . It is desirable to determine the relationship between intermolt period and size. This is useful for making predictions beyond the range of observations. Various relationships were proposed and Hartnoll(1982) suggested that the regression of log intermolt period on length was preferred. In several brachyuran species, the slope for the regression of log,, intermolt period on carapace size ranged from 0.005 to 0.25 (Hartnoll 1982) . In this study, the slope was 0.026 in terms of CL. Of course, it should be pointed out that in some degree, the slope was also affected by temperature, because it changed naturally during the study. Five zoeae instars and one megalopa instar were determined for the Chinese mitten crab (Angler 199 l) , but there is little information on the number of postlarval instars. According to investigations made by Schubert (cf. Panning 1938) , the Chinese mitten crab molts six to eight times during its first year, four to five times during its second year, and two to three times during its third year. The older crabs molt only once a year. In the present study, seven molts were observed as the crabs grew from 7.3 to 33.8 mm in mean CL. For another study, we observed that first instar postlarval crabs with the average CL of 2.6 mm passed through four molts to reach the initial size (7.3 mm) in the present study. Accordingly, most of the crabs molted eleven times during their first year in this study, and the females presumably required about eleven postlarval molts to reach sexually mature size.
The Chinese mitten crab generally requires about two years to reach sexual maturity in lakes along the middle and lower reaches of the Changiang (Yangtse) River, and the mature size is generally over 55 mm in CL (Xu 1989 , Wang 1992 , Shu 1995 . In the present study, female crabs matured at a much smaller size (34. lmm in mean CL) than in the lakes, and they grew faster compared with the same crabs in the lakes during their first year.
The mitten crab is omnivorous. In the lakes, the crabs eat mostly vegetation. although they can prey upon animals, especially small invertebrates (Chen et al. 1989) . In the present study, we fed the crabs an abundance of animal food, and there was much higher average temperature in the very shallow and small pond than in natural lakes. In many brachyuran species, a reduction in either the quantity or the quality of food may cause the lengthening of the intermolt and tends to reduce the molt increment: a rise in temperature markedly shortens the intermolt (Hartnoll 1982) . Furthermore, de Leersnyder (1972) demonstrated for the mitten crab that the molt increment increases with temperature over the range of 15"-20°C. So we think that better food availability and higher average temperature in the pond led to precocious development of female crabs, and female crabs passed through the number of required molts more rapidly by shortening the intermolt period.
